In order to identify the variation and estimate the genetic diversity among the fig (Ficus carica L.) genotypes collected from Algeria and Turkey, the genetic relationships between 86 genotypes were investigated using 23 inter primer binding sites (iPBS)-retrotransposon and 16 simple sequence repeat (SSR) primers. A total of 63 polymorphic bands for the iPBS-retrotransposon markers and 25 alleles for the SSR markers were identified with an average of 2.7 and 1.6 per primer, respectively. The average value of polymorphism information content (PIC) for the iPBS markers (0.73) was higher than that for the SSR markers (0.69). Applying the neighbor-joining method to the combined iPBS-retrotransposon and SSR data, the fig genotypes were clustered into two groups. The STRUCTURE software was used to determine the population structure. Among the genotypes studied, two populations (K = 2) were identified indicating a low diversity between the Algerian and Turkish varieties. Both types of markers were able to differentiate all the fig genotypes and were efficient in discriminating the closely related genotypes. Our data also showed that as a universal marker, iPBS-retrotransposon is a useful tool for the molecular characterization of fig genotypes.
Materials and Methods

Plant Material and DNA Extraction
Eighty-six fig genotypes from different geographical origin of Turkey and Algeria were used in this study ( Table 1) . The total genomic DNA was isolated following the CTAB DNA isolation protocol described by Healey et al. [20] with minor modifications. For this purpose, 150 mg grind leave sample was used for each genotype. Samples were prepared by adding 1500 µL extraction buffer (50 ml 1 M Tris, 25 ml 0.5 M EDTA, 150 ml 5 M NaCl, 10 g CTAB, end volume 500 ml), then incubated at 65˚C for 1 hour. After incubation, centrifuged at 8000 rpm for 5 min. and transferred the supernatant into a new microfuge tube and added an equal volume of chloroformisoamyl alcohol (24:1) and mixed gently by inversion for 5 min. Then centrifuged at 11,000 rpm for 10 min and transferred the supernatant into a new microfuge tube again. RNAse (10 µl) was added and incubated at 37˚C for 15 min.
After incubation, equal volume of chloroform-isoamyl alcohol (24:1) was added and mixed gently by inversion for 5 min. Then centrifuged at 11,000 rpm for 10 min and transferred the supernatant into a new microfuge tube again. Half volume of NaCl (5 M) and 3 volume of ice-cold ethanol (%95) were added and stored at −20˚C for 1 hour. After this step, centrifuged at 9000 rpm for 10 min, discarded the supernatant and ethanol (%70) was added and then centrifuged at 9000 rpm for 10 min again. Supernatant was discarded and the pellet was airdried. Dried pellet was dissolved in 100 μl TE buffer and stored it at 4˚C for immediate use or −20˚C for long-term storage. DNA concentration was inspected visually on agarose gel and also measured in a NanoDrop 1000 spectrophotometer (Thermo Sci. Co.).
iPBS-Retrotransposon Markers Analysis
A set of 32 iPBS primers were initially screened using both groups of samples to determine the polymorphism rank of the primers. A total of 23 primers, which produced polymorphic bands, were selected for the evaluation of genetic diversity [11] . The name, sequence, length, and annealing temperature of the primers are presented in Table 2 .
The PCR was conducted in 20 μL reaction mixtures, containing 5 ng genomic DNA, 10 × PCR buffer (Applied Biological Materials Inc.), 1.2 mM dNTP (Thermo Fisher Scientific Inc.), primer (10 pmol), and 0.2 unit Taq DNA polymerase (Applied Biological Materials Inc.). PCR amplification was performed using an MJ research thermal cycler (DNA Engine DYAD; Bio-Rad, USA) starting with H. Belttar et al. 
SSR Markers Analysis
The 34 SSR primers that were obtained from Khadari et al. [21] , Giraldo et al. [22] , Zavodna et al. [23] , Ahmed et al. [24] , and Bandelj et al. [25] were used for genotyping. 
Data Analysis
The efficiency of iPBS and SSR markers in determining the genetic diversity of (PIC) values were obtained using the formula developed by Anderson et al. [26] :
, where P i is the frequency of the ith allele in the set of genotypes investigated. DNA markers showed an average value of PIC > 0.5, which confirms that markers were highly informative [27] .
The genetic distance between 86 fig genotypes was calculated according to Nei and Li's dissimilarity coefficient of NTSYS-pc (Numerical Taxonomy and Multivariate Analysis System, version 2.0) [28] for pairwise comparisons based on the proportion of shared bands produced by all primers. Using the R statistical software, a dendrogram was created based on the unweighted pair group method average (UPGMA) according to the similarities between the genotypes and a principal component analysis (PCA) was performed [29] . The results of the iPBS and SSR markers were obtained separately and combined for the overall genetic analysis.
The population structures of the genotypes were also investigated using a model-based clustering algorithm (STRUCTURE v.2.2) that genetically separates groups according to allele frequencies [30] . The number of hypothetical subpopulations (K) was estimated by a continuous series of K, from 1 to 10, in 10 independents runs, applying the mixture and correlated allele frequencies. The program was executed using a burning period of 100,000 steps and 100,000
Monte Carlo Markov Chain (MCMC) interactions. To select the optimal value [31] were calculated using STRUCTURE HARVESTER [32] .
The change in the log probability of data between successive K values obtained from the STRUCTURE output was used to determine the true number of subpopulations.
Results
iPBS-Retrotransposon Markers Analysis
Of Table 2 ). The size of reproducible and scorable bands ranged from 100 to 900 bp.
SSR Markers Analysis
Among the 34 SSR primers screened, LMFC2, LMFC8, LMFC32, MFC9, LMFC25, 
Data Analysis
Genetic distances were calculated and three neighbor-joining trees were constructed using the dissimilarity matrix based on iPBS only, SSR only, and the combined data of iPBS and SSR. According to the iPBS-retrotransposon analysis, According to the results of PCA, the genotypes were mainly divided into two groups with the two axes explaining only 6.7 % and 3.7% of the molecular variation, respectively, and no apparent geographic structuring was identified using the iPBS markers ( Figure 5 ). For the SSR data, the first two axes explained 11.8% of the total variation (6.5% and 5.3% for the first and second coordinates, respectively) ( Figure 6 ). Almost all the genotypes were plotted in 
Discussion
The To the best of our knowledge, this is the first report on the identification and characterization of the F. carica genotypes grown in Algeria and Turkey using the iPBS and SSR markers. We combined all the produced polymorphic bands using both types of molecular markers to provide an insight into the taxonomic image presenting a definite level of taxonomic differentiation [33] .
The iPBS-retrotransposon markers can be used as universal markers for the genome of several plants [11] . Recently, the iPBS method has been considered a good molecular marker system since it requires no previous knowledge of the genome and only minimal amount of DNA [34] . Despite these advantages, only few plants have been investigated in terms of their genetic diversity using this [15] , Guo et al. [17] . And Duan et al [35] . Two of the 12-mer primers (2375 and 2379) generated the lowest number of bands (1 band) while another 12-nt primer (2393) produced the highest number (7 bands). For this reason, it was considered that the length of an individual primer (12-nt) did not affect the number of amplified bands, which is in agreement with the results reported by Al-Najm et al. (2016) and Mehmood et al. [18] . The PIC standards were used to evaluate the discrimi- The SSR method also has advantages such as high polymorphism, co-dominance, and reproducibility [37] . In this study, using 16 SSR markers, we observed 25 polymorphic alleles, with an average of 1.56 polymorphic alleles per primer, which was lower than the average values reported by Caliskan et al. [4] (6.8), Aradhya et al. [10] (4.9), Saddoud et al. [38] (6.6), Ikegami et al. [39] (5.2), Perez-Jiménez et al. [40] (3.6), and Ganopoulos et al. [41] (13). One of the disadvantages of using SSR markers is the high cost of designing the primers, which limits the number of species that can be assayed [42] . However, the SSR method requires a large number of primers to detect high polymorphisms. In this study, using the SSR markers, the average PIC value was calculated as 0.67 ranging from 0.95 to 0.16. The most useful SSR primer was found to be FCUPO66-7, which detected 3 alleles with a PIC of 0.84. All the genotypes contained a genotype-specific combination of the SSR alleles that allowed their accurate fingerprinting. These PIC values were higher than previously reported by Val et al. [43] (0.56). The PIC value reflects the level of genetic variation in a fig population. It provides a better estimation of diversity than the raw number of alleles because it accounts for the relative frequencies of each allele present. When a marker with a high PIC value is used in diversity studies, the power of discrimination is higher. In this study, the PIC values determined for the iPBS markers were higher compared to the SSR markers. In addition, fewer polymorphic bands were identified using the SSR markers compared to iPBS. Considering that iPBS-retrotransposon is dominant and SSR is co-dominant in nature, the combined use of these markers would have an equal or even higher capacity to reveal polymorphism and offer a greater potential to determine intra-and inter-specific diversity of fig genotypes. The dissimilarity index that was obtained from Nei and Li's dissimilarity coefficient on iPBS and SSR was subjected to a PCA analysis. The contributions of PCA iPBS, PCA SSR, and PCA iPBS-SSR to the total variability were found to be 10.4 %, 11.8 %, and 16.8 %, respectively. These values were lower than those reported by Caliskan et al. [4] and Ikten et al. [44] . Figures 5-7 show the distribution of genotypes according to the first two components (PCA 1 and PCA 2).
In the literature, studies on molecular genetic diversity and relationships be- According to the iPBS+SSR analysis, the "Soltani" genotypes were included in the same group. Furthermore, the "Sultani" cultivars included genotypes with a different geographic origin, "Soltani" or "Soltania" (#77) collected from Algeria (Mila), and "403 Sultani" (#16) collected from Turkey (Aydin) (Figures 2-8 ).
These genotypes having the same variety, but different geographic origins and genetic profiles; therefore, they can be considered homonyms. Similarly, Caliskan et al. [4] reported that "Sultani 2" from Antakya and "Sultani 3" from Yayladagi accessions possessed similar fruit quality characteristics (fruit size, shape, skin color, and total soluble solids), and could be the same accessions with different local names. A similar situation is observed for the genotypes "Cicek Inciri" (#3) and "Cicek Inciri" (#26); "Siyah Incir" (#9), "216 Siyah İncir" (#25), and "208 Siyah Incir" (#29); and "Bursa siyahi" (#14) and "237 Bursa siyahi" (#31). This suggests that somatic mutation on a microsatellite locus explains such closely associated genotypes [45] . Moreover, during the historical domestication and cultivation, the extensive diffusion of cultivars resulted in confusion in the classification and identification of cultivars [10] . On the other hand, from the entire collection in the combined iPBS and SSR marker system, there was one wild genotype named "Dhokkar" (86), which is the common word for caprifig in Arabic. Thus, the analysis shows that clustering was independent of botanical types and origin varieties. and closely related accessions; "Sultan Selim" (1) and "Cicek Inciri" (2); "Kadota2" (5) and "Kadota1" (6); "Gentille" (66) and "Cavaliere" (56) from the same area as well as "Albo" (54) and "1013 Beyaz Orak" (42) that had a close relationship but were collected from different locations. This similarity between accessions indicates the presence of the same genotypes with different local names.
Overall, the iPBS and SSR markers differed in terms of their nature, information content, and their distribution in the plant genome. IPBS-retrotransposon markers are dominant; therefore, they can detect polymorphisms at several locations within an entire genome whereas SSR markers are co-dominant and detect mutation at particular loci, often within repetitive DNA. This is why the groups generated by two separate analyses contained different genotypes. In fact, every marker shows only a part of the genome in the incongruence of the dendrogram.
It was found from these results that the use of multiple markers is extremely crucial in evaluating the relatedness of fig genotypes at the diversity level since different classification results concerning their respective character is the consequence of the use of different markers as reported by Ikegami et al. [39] .
This mixture of populations of Mediterranean fruit species is the result of vegetative multiplication, the migration activities of humans, and birds over generations [44] . Furthermore, fig domestication in all the Mediterranean regions has been influenced by human activities [44] [50] . Thus, the fragmentation of tree resources can significantly increase this type of activity [51] . In the current research, a weak genetic structure was observed probably due to the circulating these genotypes. The information derived from this research can also be used to increase genetic diversity, establish a reference collection, and determine appropriate breeding and conservation strategies.
